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Introduction/Motivation

19.7 b (8 TeV) + 5.1 fb™ (7 TeV)

a5k CMS S/(S+B) weighted sum
¢ Data

* |s this the predicted standard
model Higgs?

—— S+B fits (weighted sum)
---- B component

- Spin-0, fits well into SM predictions
* |s the Higgs boson part of some

S/(S+B) weighted events / GeV

extended scalar sector?
- Will we find more “bumps”? fzz
 What is the new scalar sector? of
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etc. Eur. Phys. J. C 74 (2014) 10, 3076




Introduction/Motivation

* Why the complex singlet?

- 3 Massive Scalars with “relatively”
few parameters

* Goal: Find parameters that maximize
the production of new scalars
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The General Complex Singlet

* Add a new complex scalar uncharged under SM and with
Nno new svmmetries.

* Write the most general potential
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Simplifying the Complex Singlet

* By appropriate choice of parameters can set (S.) = 0

.| R@®,0,0) |

ha A



Simplifying the Complex Singlet

* By appropriate choice of parameters can set (S.) = 0

hy h

.| R®,0,8) |

ha A

 Can remove one mixing angle using phase of singlet



Scalar Mixing

 Take limit |6 < 1.

hq cos 64 — sin 04 0 h
ho | = sin 6, cosf;  sinf, Sy | + O(sin® 6,)

h3 sin 91 sin 92 COS 91 sin 92 —1 A



Masses/Couplings

SM Higgs, mass 125 GeV
Couples in usual way

Mass range ~ 0.3 to ~10 TeV
SM Couplings ~ sin(0,)

Masses 130, 200, 270 GeV

~ SM Couplings ~ sin(8,) sin(,)
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Theory Constraints

* Narrow widths (10% of Mass)

* Bounded Below and Electroweak global minimum
- Enforced numerically
e Perturbative Unitarity

M = 167 Z(Qj + 1)a;P;(cos ),
=0

2
5al IR (83)]. 9 (32)| < 164/
167 :

A < 3 da| < 8,




Experimental Constraints

e Can combine direct searches and higgs signal strengths to

place limit on sin#, see Phys. Rev. D 103, 075027 for
details and assumptions

* Heavy resonance chi square
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Experimental Constraints

95% CL
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Preliminary Results

* Maximize production of scalars
* h, oi(pp — he) = sin” 010 sm(pp — ha)
e Want to maximize sin(8,)

* Additional Di-higgs production from h, — h; h;

* h; comes from decays of h,
- Maximize Br(h, - h; h;) and Br(h, - h; h;)



Preliminary Results

Maximize production, take sin(8,) constraints from

* Projected HL — LHC
* Projected ILC-500
* Projected FCC-hh
 Current LHC Data
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Preliminary Results

* Projected HL — LHC
* Projected ILC-500

* Projected FCC-hh
* Current LHC Data
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Preliminary Results

Current Limits
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Preliminary Results

e Can get branching ratios > 95% arXiv: 1101.0593
e sin*6; ~0.04 =

o;(pp — ha) BR(hy — h3 X) z% :
= .04*.98*1 pb =0.0392pb &

* Get ~0.1 pb level production

\s= 14 TeV

11
LHC HIGGS X5 WG 2010

* Future colliders/upgrades
should begin to probe these
Cross sections

200 500 1000
M, [Gev?
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Conclusion

* The generic complex singlet is a interesting extension to
the SM with an rich phenomenology

 We are able to get multi-scalar production channels
* Total production cross section will be of order 0.1 pb

e Future colliders/upgrades will begin to probe these cross
sections

* Look out for our paper on arXiv for more details



Thanks for your attention!
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